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Background: The purpose of this study was to examine the association between daily movement patterns and
dual energy X-ray absorptiometry-determined body fat percent (DXA-BF%) among children and adolescents while
applying both traditional and novel analytical procedures.
Methods: Using data from the cross-sectional 2003–2006 National Health and Nutrition Examination Survey
(n = 5607), physical activity was assessed via accelerometry, with the following movement patterns assessed:
1) meeting moderate-to-vigorous physical activity (MVPA) guidelines and engaging in more light-intensity physical
activity (LIPA) than sedentary behavior (SB); 2) meeting MVPA guidelines, but engaging in less LIPA than SB; 3) not
meeting MVPA guidelines, but engaging in more LIPA than SB; and 4) not meeting MVPA guidelines and engaging
in less LIPA than SB. Various markers of adiposity (e.g., DXA-BF%) were assessed.
Results: Children in movement pattern 1 (52 %), compared to those in movement pattern 4, had significantly lower
levels of BMI (Δ 2.2 kg/m2), waist circumference (Δ 6.5 cm), tricep skinfold (Δ 4.2 mm), subscapularis skinfold (Δ 2.6 mm),
android BF% (Δ 7.6 %), gynoid BF% (Δ 5.1 %), and total BF% (Δ 5.2 %). Substituting 60 min/day of SB with MVPA
resulted in a 4.6 % decreased estimate of total DXA-BF%. No findings were significant for adolescents.
Conclusions: The low proportion of children engaging in ≥ 60 min/day of MVPA and accumulating relatively
more LIPA than SB had the lowest DXA-BF%.
Keywords: Accelerometry, Epidemiology, Isotemporal substitution models, NHANES, Partition modelsIntroduction
Accumulating evidence depicts an inverse association be-
tween objectively-measured moderate-to-vigorous physical
activity (MVPA) and adiposity markers among children
and adolescents [1]. However, the majority of these studies
have exclusively relied upon proxy markers of adiposity
(e.g., body mass index; BMI) [1] and the potentially latent
contributory influence of lighter intensity activities has
been largely ignored. Replacing sedentary behaviors
(SB; i.e., those that produce little to no movement) with* Correspondence: pdloprin@olemiss.edu
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unless otherwise stated.increased amounts of light-intensity physical activity (LIPA;
i.e., physical activities performed at intensities less than
MVPA) represents an overlooked adjunct strategy for
mitigating excessive adiposity in this younger population
[2, 3]. Additional research examining these understudied
behaviors, separate and combined with MVPA, is war-
ranted, as there is mixed evidence regarding their potential
beneficial effects [2, 4–6].
In addition to using traditional analytical models to
study the independent effects of SB, LIPA, and MVPA on
select health outcomes such as adiposity [7], recent work
has employed novel approaches. For example, Loprinzi,
Lee, and Cardinal [8], as well as others [9], have provided
prevalence estimates of movement patterns and their
effects on health outcomes. These movement patternsl. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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participants meeting MVPA guidelines and engaging in
relatively more LIPA than SB (i.e., the ratio LIPA: SB ≥
1); 2) meeting MVPA guidelines and engaging in rela-
tively less LIPA than SB; 3) not meeting MVPA guide-
lines, but engaging in relatively more LIPA than SB;
and 4) not meeting MVPA guidelines and engaging in
relatively less LIPA than SB. Hereafter we refer to these
classifications as movement patterns by numbers 1–4,
with 1 and 4, respectively, considered the most and least
active individuals. Similarly, hereafter the term ‘behavior’
will be used to describe SB, LIPA, and MVPA.
The prevalence of these movement patterns and their
associations with markers of adiposity have only been re-
ported for Belgian children and adults [9] or U.S. adults
[8] thus far. To our knowledge, no one has studied these
movement patterns yet in U.S. children and adolescents.
Additional analytical innovation [10–13] has employed
isotemporal substitution models to examine the substi-
tution effect of replacing one behavior for another for an
equal amount of time on a select outcome of interest
(e.g., the effect of replacing 60 min/day of SB with
60 min/day of MVPA on body fat percent [BF%]). How-
ever, to our knowledge, this approach has not been ap-
plied to data representing U.S. children and adolescents.
The purpose of this secondary analysis of the 2003–2006
National Heatlh and Nutrition Examination (NHANES)
accelerometer data was to use these traditional and more
novel analytical approaches to systematically examine the
association of SB, LIPA, and MVPA behaviors and move-
ment patterns with markers of U.S. children’s and adoles-
cents’ objectively-measured whole-body dual energy X-ray
absorptiometry BF (DXA-BF%), in addition to other proxy
markers of adiposity (e.g., BMI, waist circumference and
skinfold thickness). More specifically, here we examine the
independent and combined associations of behaviors and
movement patterns on several markers of adiposity among
U.S. children and adolescents.
Methods
Design
Data from the present study were extracted from the
cross-sectional 2003–2006 NHANES, an ongoing sur-
vey conducted by the Centers for Disease Control and
Prevention that uses a representative sample of non-
institutionalized U.S. civilians, selected by a complex,
multistage, stratified, clustered probability design. Partici-
pants are interviewed in their home and subsequently ex-
amined in a mobile examination center (MEC). While at
the MEC, participants complete surveys, anthropometric
measurements (e.g., waist circumference and dual energy
X-ray absorptiometry scanning), and participants are then
given an accelerometer to wear for the subsequent 7 days.
For further assessment of certain parameters (e.g., diet),participants are contacted for a follow-up telephone inter-
view. Additional details about NHANES protocols have
been published (http://www.cdc.gov/nchs/nhanes.htm).
The 2003–2006 NHANES study procedures were ap-
proved by the National Center for Health Statistics ethics
review board. Assent was obtained from all participants
prior to any data collection.
Demographics/Covariates
Covariates included age, gender, race-ethnicity (Mexican
American, non-Hispanic white, non-Hispanic black, and
other race), energy intake, poverty-to-income ratio (PIR),
cotinine, and accelerometer wear time. Age, gender, and
race-ethnicity were obtained from a questionnaire. En-
ergy intake (kcal) was assessed from the MEC interview
and the follow-up telephone interview, with the average
of these values used; if data was missing from the tele-
phone interview, only energy intake obtained from the
MEC interview was used. Parent-proxy interviews were
conducted for children under 9 years, with children 9–11
years permitted to receive assistance from their parent.
As a measure of socioeconomic status, PIR was
assessed (a value < 1 was considered below the poverty
threshold) [14, 15]. The PIR is calculated by dividing the
family income by the poverty guidelines, which is spe-
cific to the family size, year assessed, and state of resi-
dence. Serum cotinine was measured by an isotope
dilution-high performance liquid chromatography/at-
mospheric pressure chemical ionization tandem mass
spectrometry.
Markers of adiposity
Markers of adiposity included height, weight, waist cir-
cumference, tricep and subscapularis skinfold, gender-
specific BMI-for-age percentile [16], android-specific BF%,
gynoid-specific BF%, and total BF%. BF% was estimated
from whole-body dual energy X-ray absorptiometry scans
using the Hologic QDR 4500A fan beam x-ray bone densi-
tometer (Hologic, Inc, Bedford, Massachusetts).
Accelerometry
Participants were asked to wear an ActiGraph 7164 ac-
celerometer for 7 days, except while engaging in water-
based activities and while sleeping. Detailed information
on the ActiGraph accelerometer and the protocol imple-
mented in NHANES can be found elsewhere [17, 18].
Data treatment
Analytic sample
A total of 5607 children (6–11 years) and adolescents
(12–17 years) were enrolled in the 2003–2006 NHANES
cycles. The analytic sample comprised 2856 children and
adolescents after excluding those with missing covariate
data, specifically age, gender, race-ethnicity, cotinine,
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(<4 days of 10+ hrs/day of monitoring) or missing accel-
erometry data. There were no differences across gender
(p = 0.31) between those excluded based on missing/insuf-
ficient accelerometry data and the analytic sample. How-
ever, those who were excluded were younger (10.1 vs.
12.1 years vs., p < 0.01), had a smaller BMI (20.8 vs.
21.3 kg/m2, p < 0.01), had a higher cotinine level (7.5 vs.
4.7 ng/mL, p < 0.01), had a lower PIR (1.9 vs. 2.1, p < 0.01),
and were more likely to be non-Hispanic white (28.5 vs.
25.3 %, p < 0.01). These estimates are unweighted.Accelerometry
SAS (version 9.2) was used to reduce accelerometry
data to those with ≥ 4 days of ≥ 10 h/day of monitored
data [19] and integrate it into 1 min time intervals
using the SAS syntax provided by the National Cancer
Institute (NCI). Nonwear time was identified as ≥ 60
consecutive minutes of zero activity counts, with al-
lowance for 1–2 min of activity counts between 0 and
100 [19]. Accelerometer wear time (in hours) was cal-
culated by subtracting nonwear time from 24 h. The
Freedson age-specific cut-points imbedded in the NCI
SAS syntax were used to determine time spent in mod-
erate physical activity (MPA) and vigorous physical ac-
tivity (VPA) [20]. We also explored associations using
Evenson [21] non-age specific MVPA cut-point of
2296 cpm; however, these results were similar to the
Freedson age-specific MVPA cut-points so the Free-
dson cut-points were utilized in the present study.
Indeed, previous work has shown very similar classifi-
cation accuracy between the Evenson and Freedson
age-specific cut-points among children and adoles-
cents [22]. The NCI SAS syntax was edited to clas-
sify SB as accumulated time with activity counts/
min ≤ 99 [23], and LIPA as activity counts/min ≥ 100
and below the age-specific MPA cut-point. Total
physical activity (TPA) was defined as LIPA +MVPA,
or anything not classified as SB. Accelerometry data
were also used to identify the four mutually exclu-
sive movement patterns described in the introduc-
tion section [8, 9, 24]. Ratios of MVPA to SB
(MVPA:SB), LIPA to SB (LIPA:SB), and TPA to SB
(TPA:SB) greater than or equal to 1 indicate that
participants engaged in relatively more MVPA,
LIPA, or TPA than SB. Determination of meeting
MVPA guidelines was rendered with evidence of ac-
cumulating ≥ 60 min/day of MVPA [25].BMI
BMI was calculated as weight in kilograms divided by
the square of height in meters.Statistical analysis
Sample weights
All statistical analyses were performed using proce-
dures from sample survey data using Stata (version
12.0, College Station, TX). The MEC sample weights
were used to account for oversampling, non-response,
non-coverage, and to provide nationally representative
estimates. In an effort to maintain nationally represen-
tative estimates, the sample weights for the reduced
sample with ≥ 4 valid accelerometry data were ratio-
adjusted to maintain the age, gender, and race-
ethnicity distribution of the full sample. These sam-
pling weights were then recalcuated to account for the
combination of both NHANES cycles (i.e., 2003–2004
and 2005–2006).Statistical significance
Statistical signifiance was established as a Bonferroni-
corrected p < 0.006 (8 different markers of adiposity
evaluated; alpha of 0.05/8 = 0.006).Behavior estimates across age
To assess differences in behavior estimates across the age-
groups (children vs. adolescents), adjusted Wald tests and
design-based likelihod ratio tests, respectively, were used
for continuous and categorical variables.Movement patterns
Multivariable linear regression analysis was used to
examine the association between the movement patterns
and each marker of adiposity (outcome variable). Separ-
ate models were examined for each marker. The referent
group was movement pattern 4 (considered the least ac-
tive combination of behaviors).Single behavior, partition and isotemporal substitution
models
Three additional types of regression models were fitted
that included single behavior models, a partition model,
and isotemporal substitution models; detailed explana-
tions of these models can be found elsewhere [10, 12].
Prior to implementing these regression models, each be-
havior was divided by a constant of 60 so that a unit in-
crease in each consistently represented an increase of
60 min/day for that behavior.Single behavior
The purpose of the single behavior models were to
examine the total effect for each behavior [10]. Three
separate models were computed: a regression model
examining the association between SB and adiposity, with
additional models for LIPA and MVPA.
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The purpose of the partition model was to examine the
unique effect for each behavior [10]. In this partition
model, all three behaviors were entered into the model
at the same time. All previously listed covariates were
entered into this model with exception of accelerometer
wear time (hrs/day). This exception was necessary be-
cause accelerometer wear time is equal to the sum of
SB, LIPA, and MVPA behaviors. Importantly, there was
no evidence of multicollinearity in the partition model or
other models; evidence of multicollinearity is likely to be
present if the pairwise correlation between two variables
is > 0.8 (highest observed, r = 0.59), if the mean variance
inflation factor is > 6 (observed mean = 1.3), if the highest
individual variance inflation factor is > 10 (highest ob-
served = 2.1); or if the tolerance statistic is < 0.1 (all ob-
served to be > 0.47).
Isotemporal substitution model
The purpose of the isotemporal substitution models was
to estimate the substitution effect of replacing one be-
havior for a different behavior [10]. This was accom-
plished by entering a total combined behavior variable
(time spent in SB + LIPA +MVPA, which is also equal to
accelerometer wear time) along with each specific be-
havior variable into the model at the same time. The
specific behavior variable of interest is then dropped
from the model. Using this systematic analytical ap-
proach, isotemporal substitution models can demon-
strate the effect that replacing one behavior for another
has on adiposity (e.g., substituting 60 min/day of SB with
MVPA results in a given change in BF%) [10, 12]. Similar
to the partition model, accelerometer wear time (hrs/
day) was not included as a covariate in the isotemporal
substitution model. Also, it is not possible to examine
the effects of replacing SB with TPA because for isotem-
poral substitution analysis you have to keep TPA in the
model and then drop the variable of interest, which in
this case would be TPA.
Multiple imputation for dual energy x-ray absorptiometry-BF%
Children below 8 years of age were not eligible for the
dual energy X-ray absorptiometry scans; therefore, BF%
estimates reported herein are for children and adoles-
cents 8–17 years. Examination of the dual energy X-ray
absorptiometry data showed that missing data for total
BF% demonstrated a systematic, non-random pattern;
therefore, only assessing participants with measured data
for total BF% would lead to biased results. Therefore,
missing dual energy X-ray absorptiometry values for total
BF% were imputed using multiple imputation procedures
(i.e., sequential regression multivariate imputation) [26,
27], ultimately generating 5 total BF% values for each
participant.Calculating imputed DXA-determined total BF% and variance
estimate
Detailed information on providing estimates for the
multiple imputated dual energy X-ray absorpti-
ometry data can be found elsewhere [26, 28].
Briefly, estimation procedures were applied to each
of the 5 versions of the imputed data. For the total
BF% data, we calculated the BF% estimate (either
the mean or the regression coefficient) and its as-
sociated standard error for each of the imputed
values, resulting in 5 different estimates. The combined
total BF% estimate was calculated as the mean of the 5 in-
dividual estimates. However, the combined standard error
for this estimate is based on the calculation of the within-
imputation variance (W) and the between-imputation
variance (B). The W is the mean of the 5 individual vari-





where the Qi’s are the individual variance estimates
and Q is the mean of the 5 individual estimates.
The total variance (T) was then calculated as:
T ¼ W þ 6=5ð Þ  B
The square root of T was calculated as this represents
the combined standard error associated with the com-
bined estimate of Q.
Determining statistical significance from imputed estimates
This procedure (i.e., calculation of Q and square
root of T) was performed for each total BF% re-
gression coefficient. This ‘adjusted’ regression coef-
ficent and ‘adjusted’ variance estimate were divided
(i.e., β / square root of T) to produce the corre-
sponding regression t-value. To determine whether
this ‘adjusted’ t-value was statistically significant,
we used 30 as the degrees of freedom (the number
of primary sampling units minus the number of sam-
pling strata). If the ‘adjusted’ t-value was greater than
the t-value associated with 30° of freedom and a
Bonferroni-corrected alpha of 0.006 (i.e., a two-tailed t-
value of ± 2.95), then the regression coefficient was consid-
ered statistically significant.
Results
Physical activity and SB estimates across age-group
Table 1 shows the weighted behavior estimates for
children and adolescents. Children wore the acceler-
ometer less than adolescents (13.6 vs. 14.2 h/day) (p <
0.001). Children engaged in more LIPA, MPA, VPA,
MVPA, and TPA, and engaged in less SB than
Table 1 Weighted mean/proportion (95 % CI) sedentary and physical activity estimates across age group, NHANES 2003–2006
Accelerometer-Determined Behavior Children (6–11 years) (n = 1036) Adolescents (12–17 years) (n = 1608) P-Valuea
SB (min/day) 351.7 (345.0–358.4) 480.6 (470.2–491.1) <0.001
LIPA (min/day) 382.5 (377.1–387.9) 343.0 (335.5–350.5) <0.001
MPA (min/day) 73.7 (70.9–76.5) 24.9 (22.8–27.1) <0.001
VPA (min/day) 13.2 (12.2–14.2) 3.6 (3.1–4.1) <0.001
MVPA (min/day) 86.9 (83.5–90.3) 28.6 (26.0–31.2) <0.001
TPA (min/day) 469.4 (462.4–476.5) 371.6 (363.4–379.9) <0.001
%≥ 60 min/day of MVPA 71.0 (66.7–75.4) 9.9 (7.5–12.4) <0.001
Accelerometer wear time (hr/day) 13.6 (13.5–13.8) 14.2 (14.0–14.4) <0.001
Movement Patterns, % <0.001
≥60 min/day MVPA and LIPA:SB≥ 1 52.2 (47.3–57.2) 4.7 (3.2–6.3)
≥60 min/day MVPA and LIPA:SB < 1 18.8 (15.5–22.0) 5.2 (3.7–6.6)
<60 min/day MVPA but LIPA:SB≥ 1 10.1 (7.3–13.0) 17.0 (13.8–20.2)
<60 min/day MVPA and LIPA:SB < 1 18.7 (16.0–21.3) 72.9 (69.8–76.0)
SB sedentary behavior, LIPA light-intensity physical activity, MPA moderate physical activity, VPA vigorous physical activityi, MVPA moderate-to-vigorous physical
activity, TPA total physical activity (LIPA +MVPA)
aAdjusted Wald test used to test for differences across continuous variables. Design-based likelihood ratio test used to test for differences across categorical variables
(e.g., whether they engaged in≥ or < 60 min/day of MVPA)
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weighted proportions for movement patterns 1, 2, 3,
and 4, respectively, were 52.2, 18.8, 10.1 and 18.7 %.
For adolescents, the respective weighted proportions
were 4.7, 5.2, 17.0 and 72.9 %.
Results were similar between genders (not shown in
tabular format). For children, the weighted proportions
across the movement patterns for boys were 55.1, 23.1,
5.8 and 15.7 %. For female children, the weighted pro-


















Fig. 1 Weighted MVPA:SB, LIPA:SB and TPA:SB estimates with age (MVPA:S
LIPA:SB = light-intensity physical activity to sedentary behavior ratio; TPA:SB
A ratio > 1 indicates the participant engaged in more relative physical activFor adolescents, the weighted proportions across the
movement patterns for boys were 8.2, 8.7, 20.1 and
62.8 %. For female adolescents, the weighted propor-
tions were 1.0, 1.4, 13.8 and 83.6 %. Given the small
sample size for movement patterns 1 and 2 separately
for males and females, associations with markers of
adiposity were not stratified by gender.
Figure 1 shows the cross-sectional associations of
MVPA:SB, LIPA:SB, and TPA:SB with age. With




































B =moderate-to vigorous physical activity to sedentary behavior ratio;
= total physical activity (LIPA +MVPA) to sedentary behavior ratio).
ity than SB
Table 2 Weighted unadjusted characteristics of children and adolescents who participated in NHANES 2003–2006 (mean/proportion
[95 % CI])
Movement Patterns; Mean/Proportion (95 % CI)
1 2 3 4
Variable ≥60 min/day MVPA and
LIPA:SB≥ 1
≥60 min/day MVPA and
LIPA:SB < 1
<60 min/day MVPA but
LIPA:SB≥ 1
<60 min/day MVPA and
LIPA:SB < 1
Children (6–11 years)
Mean Age (yr) 7.9 (7.7–8.1)* 8.4 (8.0–8.7)* 9.8 (9.4–10.1) 9.9 (9.6–10.1)
Gender, % a
Male 55.1 (50.5–59.8) 64.4 (56.1–72.7) 30.1 (15.6–44.7) 43.9 (36.0–51.8)




14.9 (9.7–20.0) 20.1 (11.9–28.4) 26.7 (12.0–41.4) 18.2 (12.5–24.0)
Non-Hispanic White 64.0 (55.6–72.4) 48.9 (37.8–60.1) 56.7 (40.3–73.0) 62.3 (51.5–73.2)
Non-Hispanic Black 13.8 (8.8–18.9) 17.0 (10.1–23.8) 11.1 (6.0–16.3) 11.7 (7.0–16.3)
Other Race 7.1 (3.3–10.9) 13.8 (5.7–21.9) 5.3 (0.0–11.4) 7.6 (1.3–13.8)
Poverty-to-Income Ratio 2.5 (2.2–2.8) 2.5 (2.1–2.9) 2.4 (1.9–2.9) 2.5 (2.1–2.9)
Cotinine (ng/mL) 0.53 (0.28–0.77) 0.48 (0.26–0.70) 0.69 (0.21–1.16) 0.28 (0.17–0.40)
Energy (kcal) 1978.7 (1928.6–2028.9) 2052.8 (1930.4–2175.2) 1973.3 (1802.2–2144.5) 1985.8 (1850.2–2121.4)
BMI (kg/m2) 17.2 (16.8–17.6)* 17.9 (17.1–18.6)* 20.3 (19.1–21.4) 20.8 (20.0–21.7)
BMI Percentile 61.3 (57.5–65.1)* 63.7 (57.4–70.0)* 71.9 (64.6–79.2) 72.5 (66.9–78.2)
Waist Circumference (cm) 61.3 (60.0–62.5)* 63.6 (61.4–65.7)* 70.2 (67.4–72.9) 73.6 (71.0–76.2)
Tricep Skinfold (mm) 11.3 (10.8–11.9)* 12.1 (11.0–13.2)* 15.7 (14.1–17.3) 17.3 (16.0–18.6)
Subscapularis Skinfold
(mm)
7.9 (7.3–8.5)* 8.8 (7.7–9.8)* 11.2 (9.5–12.9) 12.1 (10.7–13.5)
Android Body Fat, % 24.2 (22.5–26.0) 25.6 (23.3–27.9) 31.5 (27.9–35.0) 32.4 (3.3–34.6)
Gynoid Body Fat, % 32.3 (31.1–33.4) 32.6 (31.2–33.9) 36.6 (34.6–38.5) 37.3 (36.0–38.7)
Total Body Fat, % b 27.84 (0.56)* 29.1 (0.74)* 32.61 (1.03) 33.41 (0.66)
Adolescents (12–17 years)
Mean Age (yr) 13.0 (12.7–13.4) 13.5 (13.1–13.9) 14.2 (13.9–14.5) 14.6 (14.4–14.7)
Gender, % a
Male 89.1 (78.8–99.3) 86.0 (76.2–95.8) 60.6 (50.7–70.4) 44.3 (41.3–47.2)




17.6 (9.8–25.3) 27.4 (13.3–41.4) 10.7 (5.3–16.1) 16.9 (13.2–20.6)
Non-Hispanic White 59.3 (45.5–73.0) 47.7 (31.5–63.9) 72.1 (63.4–80.9) 63.5 (57.6–69.3)
Non-Hispanic Black 18.6 (10.3–26.8) 23.2 (14.2–32.1) 13.0 (8.5–17.5) 13.4 (10.4–16.5)
Other Race 4.4 (0.0–10.8) 1.6 (0.0–3.4) 4.0 (0.2–7.8) 6.0 (3.8–8.3)
Poverty-to-Income Ratio 2.5 (1.9–3.0) 2.6 (2.1–3.2) 2.6 (2.3–2.9) 2.8 (2.6–3.0)
Cotinine (ng/mL) 3.0 (0.0–6.3)* 9.8 (0.0–21.0) 7.3 (0.0–14.8) 9.7 (6.3–13.2)
Energy (kcal) 2514.9 (2178.3–2851.5) 2576.6 (2269.2–2884.0)* 2376.3 (2247.1–2505.6)* 2166.6 (2089.3–2243.9)
BMI (kg/m2) 21.5 (19.5–23.5) 21.9 (20.6–23.3) 22.5 (21.5–23.4) 22.7 (22.3–23.2)
BMI Percentile 63.2 (52.0–74.4) 66.5 (60.0–73.0) 65.7 (60.6–70.8) 65.8 (63.1–68.5)
Waist Circumference (cm) 76.0 (70.2–81.9) 77.7 (74.1–81.3) 79.1 (76.9–81.4) 79.4 (78.3–80.5)
Tricep Skinfold (mm) 14.0 (10.9–17.1) 14.8 (12.8–16.8) 15.3 (14.2–16.5) 16.0 (15.4–16.7)
11.2 (8.3–14.0) 11.9 (9.7–14.2) 12.3 (11.2–13.4) 13.2 (12.5–13.9)
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Table 2 Weighted unadjusted characteristics of children and adolescents who participated in NHANES 2003–2006 (mean/proportion
[95 % CI]) (Continued)
Subscapularis Skinfold
(mm)
Android Body Fat, % 23.2 (19.8–26.6) 24.9 (22.0–27.9) 25.9 (23.7–28.0) 27.6 (26.3–28.9)
Gynoid Body Fat, % 27.6 (25.4–29.8) 28.2 (26.1–30.3) 30.3 (28.3–32.2) 32.2 (31.2–33.1)
Total Body Fat, % b 26.1 (1.3)* 25.8 (1.0)* 27.5 (0.8) 29.1 (0.3)
a To make comparisons across lifestyle groups, linear regression was used for continuous variables. The referent group was the least active group (<60 min/day of
MVPA and LIPA:SED < 1). To make comparisons across categorical variables, design-based likelihood ratio analyses was used. Asterik (*) (and bolded text) indicates
Bonferroni-corrected statistical signifiance (p < 0.006)
b For body fat percent, the mean estimate is the mean of the 5 multiple imputated estimates. The variance estimates are the mean of the 5 multiple imputated
variance estimates. To examine body fat differences between groups, regression analysis was performed. Five separate regression models (one for each multiple
imputation) were computed for each group. The square root of the total variance estimate ([within-imputation variance] + (6/5)*[between-imputation variance])
was calculated. The average regression coefficient was then divided by the square root of the total variance estimate to yield a t-value to determine if the mean
estimate differed from the referent group. See statistical analysis section for more details
SB sedentary behavior, LIPA light-intensity physical activity, MVPA moderate-to-vigorous physical activity, BMI body mass index
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declined.
Demographic and unadjusted adiposity characteristics
across movemenet patterns
Table 2 reports crude demographic characteristics and
adiposity markers among children and adolescents across
the four movement patterns. Children in movement pat-
terns 1 and 2 (considered more active individuals) were ≅
2 years younger and had lower levels for each marker of
adiposity when compared to children in movement pat-
tern 4. For children, there were no statistical differ-
ences for race-ethnicity, PIR, cotinine, or energy intake
across the 4 movement patterns. Among adolescents,
those in movement pattern 1 were ≅ 1.5 years younger,
had a lower cotinine level, and had a lower gynoid BF%
and total BF% than those in movement pattern 4. Simi-
lar to children, there were no statistical differences for
race-ethnicity or PIR across the 4 movement patterns
for adolescents.
Adjusted adiposity characteristics across movement
patterns
Table 3 shows the weighted multivariable linear re-
gression results examining the association between
markers of adiposity (outcome variable) and the
movement patterns. Children in movement pattern
1, compared to those in movement pattern 4, had
significantly lower levels of BMI (Δ 2.2 kg/m2),
waist circumference (Δ 6.5 cm), tricep skinfold (Δ
4.2 mm), subscapularis skinfold (Δ 2.6 mm), an-
droid BF% (Δ 7.6 %), gynoid BF% (Δ 5.1 %), and
total BF% (Δ 5.2 %). No results were significant for
adolescents.
Adjusted adiposity characteristics comparing TPA to SB
Table 4 reports the weighted multivariable linear re-
gression results examining differences in markers ofadiposity between those who engaged in more TPA
than SB (i.e., the ratio of TPA:SB was > 1). Children
who engaged in more TPA than SB had lower levels of
BMI (Δ 1.2 kg/m2), waist circumference (Δ 4.1 cm),
tricep skinfold (Δ 2.3 mm), android BF% (Δ 4.5 %),
gynoid BF% (Δ 2.7 %) and total BF% (Δ 2.9 %). No
findings were significant for adolescents.
Adjusted adiposity characteristics across isotemporal
substitution models
Table 5 shows the single behavior, partition, and
isotemporal substitution models for each behavior
with each marker of adiposity among children; re-
sults are only reported for children as associations
were not significant for adolescents. Results were
similar across the different markers of adiposity. For
example, after applying adjustments (including age),
the single behavior models (models 1–3) showed
that SB and MVPA were associated with most
markers of adiposity, with the association occuring
in the expected direction; LIPA was not significant
for any of the single behavior models. For all
markers of adiposity, only MVPA was significant in
the partition models.
Isotemporal substitution models were similar
across the different markers of adiposity. For total
BF%, and after adjustments, replacing 60 min/day of
SB with MVPA resulted in a 4.6 % decreased estimate
of total BF% (model 5). Replacing 60 min/day of LIPA
with SB resulted in a non-significant 0.3 % decreased
estimate of total BF%. Lastly, substituting MVPA with
SB (or LIPA) resulted in an increased estimate of
total BF%.
Discussion
The purpose of this study was to systematically
examine the association between behaviors and
movement patterns defined by SB, LIPA, and MVPA
(separately and combined) with markers of adiposity
Table 3 Weighted multivariable linear regression associations between adiposity (outcome variable) and movement patterns and
age groups
Movement Patterns; Regression Coefficient (95 % CI) a
1 2 3 4
Variable ≥60 min/day MVPA and
LIPA:SB≥ 1
≥60 min/day MVPA and
LIPA:SB < 1
<60 min/day MVPA but
LIPA:SB≥ 1
<60 min/day MVPA and
LIPA:SB < 1
Indice of Adiposity Children (6–11 years)
BMI (kg/m2) −2.2 (−3.3– −1.2) −1.8 (−2.8– −0.8) −0.7 (−2.1–0.7) Referent
BMI Percentile −9.3 (−17.8– −0.7) −7.2 (−15.6–1.0) −2.0 (−11.5–7.5) Referent
Waist Circumference
(cm)
−6.5 (−9.4– −3.5) −5.3 (−8.2– −2.3) −3.7 (−7.6–0.1) Referent
Tricep Skinfold (mm) −4.2 (−5.9– −2.5) −3.6 (−5.5– −1.7) −2.0 (−4.0–0.02) Referent
Subscapularis Skinfold
(mm)
−2.6 (−4.3– −0.9) −1.8 (−3.5– −0.2) −1.2 (−3.2–0.6) Referent
Android Body Fat, % −7.6 (−10.5– −4.7) −5.7 (−8.9– −2.4) −2.5 (−6.4–1.4) Referent
Gynoid Body Fat, % −5.1 (−7.0– −3.2) −4.2 (−6.2– −2.3) −1.8 (−4.0–0.31) Referent
Total Body Fat, % b −5.2 (0.96) −3.3 (1.05) −1.8 (1.07) Referent
Adolescents (12–17 years)
BMI (kg/m2) −0.2 (−2.2–1.7) 0.02 (−1.2–1.2) −0.01 (−0.8–0.8) Referent
BMI Percentile −3.7 (−15.3–7.7) 0.4 (−5.9–6.7) −0.5 (−5.8–4.7) Referent
Waist Circumference
(cm)
−1.5 (−7.2–4.1) −0.2 (−3.7–3.2) 0.1 (−2.1–2.2) Referent
Tricep Skinfold (mm) 0.2 (−2.7–3.3) 1.1 (−0.8–3.1) 0.02 (−1.2–1.2) Referent
Subscapularis Skinfold
(mm)
−0.2 (−3.3–2.7) 0.4 (−1.6–2.4) −0.4 (−1.4–0.5) Referent
Android Body Fat, % −1.1 (−4.7–2.4) 0.52 (−2.5–3.5) −0.65 (−2.6–1.3) Referent
Gynoid Body Fat, % −0.65 (−3.4–2.1) −0.07 (−2.3–2.1) −0.44 (−2.3–1.4) Referent
Total Body Fat, % b −0.41 (1.2) 0.02 (1.0) −0.42 (0.8) Referent
aA separate multivariable linear regression analysis was computed for each adiposity marker (outcome variable) and for each age group (children vs. adolescents).
Each model was adjusted for age, gender, race-ethnicity, cotinine, poverty-to-income ratio, accelerometer wear time, and energy intake
bFor body fat percent, the regression coefficient is the mean of the 5 multiple imputated regression coefficients. The variance estimates are standard errors, which
is reported as the square root of the total variance estimate ([within-imputation variance] + (6/5)*[between-imputation variance]). See statistical analysis section for
more details
Bold indicates Bonferroni-corrected statistical significance (p < 0.006) when compared to referent the group
SB sedentary behavior, LIPA light-intensity physical activity, MVPA moderate-to-vigorous physical activity, BMI body mass index
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dren and adolescents. We accomplished this by ap-
plying various traditional and novel analytical
techniques, including an evaluation of movement
patterns and isotemporal substitution models.
The major findings for children include:
 An inverse association between age and movement
patterns;
 Children in movement patterns 1 and 2 had lower
levels of most markers of adiposity (and were
approximately 2 years younger) compared to children
classified in movement pattern 4;
 Children whose TPA exceeded their SB had lower
levels of markers of adiposity;
 MVPA was inversely associated with age and all
markers of adiposity among children, independent of
SB and LIPA; and Mathematically replacing 60 min/day of SB with
MVPA was associated with a 4.6 % decreased estimate
of total BF% among children.
Taken together, these findings suggest that as children
age they engage in less LIPA and MVPA. Further, although
children whose TPA exceeded their SB had lower BF%,
only MVPA was associated with BF% in the partition
models. Therefore, future longitudinal research should
examine whether engagement in LIPA alone is insufficient
in reducing adiposity, but when coupled with sufficient
MVPA, reductions in adiposity among children occur.
The major findings for adolescents include:
 The very low prevalence (<5 %) of adolescents
engaging in movement pattern 1; and that
 There were no significant multivariable associations
of SB, LIPA, or MVPA with any marker of adiposity
Table 4 Weighted multivariable linear regression associations between adiposity, physical activity and sedentary behavior
Total Physical Activity≥ Sedentary Behavior Regression Coefficient (95 % CI)a
Variable Yes No
Indice of Adiposity Children (6–11 years)
BMI (kg/m2) −1.2 (−2.0– −0.3) Referent
BMI Percentile −4.7 (−11.1– 1.6) Referent
Waist Circumference (cm) −4.1 (−6.4– −2.0) Referent
Tricep Skinfold (mm) −2.3 (−3.7– −0.9) Referent
Subscapularis Skinfold (mm) −1.7 (−2.9– −0.4) Referent
Android Body Fat, % −4.5 (−7.1– −1.9) Referent
Gynoid Body Fat, % −2.7 (−4.5– −1.0) Referent
Total Body Fat, % b −2.9 (0.9) Referent
Adolescents (12–17 years)
BMI (kg/m2) −0.2 (−0.9–0.4) Referent
BMI Percentile −1.5 (−6.6–3.6) Referent
Waist Circumference (cm) −0.8 (−2.7–1.0) Referent
Tricep Skinfold (mm) −0.3 (−1.4–0.7) Referent
Subscapularis Skinfold (mm) −0.5 (−1.6–0.4) Referent
Android Body Fat, % −0.9 (−2.5–0.7) Referent
Gynoid Body Fat, % −0.6 (−2.0–0.7) Referent
Total Body Fat, % b −0.6 (0.7) Referent
aA separate multivariable linear regression analysis was computed for each anthropometric marker (outcome variable) and for each age group (children vs.
adolescents). Each model was adjusted for age, gender, race-ethnicity, cotinine, poverty-to-income ratio, accelerometer wear time, and energy intake
bFor body fat percent, the regression coefficient is the mean of the 5 multiple imputated regression coefficients. The variance estimates are standard errors, which
is reported as the square root of the total variance estimate ([within-imputation variance] + (6/5)*[between-imputation variance]). See statistical analysis section for
more details
Bold indicates Bonferroni-corrected statistical significance (p < 0.006) when compared to the referent group
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lack of significance may be a result of low statistical
power as few adolescents actually engaged in
movement pattern 1.
Age and movement patterns
Children (52 %) were more likely than adolescents
(4.7 %) to engage in movement pattern 1. The fact that
< 5 % of U.S. adolescents engaged in movement pattern
1 is similar to results reported for Belgian adolescents
(1 % for females and 6 % for males) [9]. Such a finding
is typically lamented as a behavioral deficit, however, it
is possible that as humans develop there is a natural
progression to lower LIPA:SB and MVPA:SB ratios.
This assertion is supported by the cross-sectional re-
sults depicted in the Figure, which show a steady de-
cline in both MVPA:SB and LIPA:SB ratios with each
successive increase in age. The cross-sectional inverse
association apparent between age and movement pat-
terns is similar to that reported in longitudinal stud-
ies that depict an age-related decline in MVPA [29].
The reasons for these age-related changes in children
are likely multidimensional. From a developmental
perspective, age-related decline in movementbehaviors may be a result of altered neurotransmis-
sion of the dopaminergic system (i.e., age-induced re-
duction of dopamine) [30, 31]. From a psychological
perspective, reduced perceived behavioral control and
self-efficacy have predicted declines in physical activ-
ity (i.e., sports participation, physical activity-related
energy expenditure, and MVPA) as children age [32].
Although not conclusive, body dissatisfaction associ-
ated with changes in development and pubertal sta-
tus may also help to explain the age-related decline
in MVPA [33]. From a social perspective, age-related
decline in MVPA may also be from social expecta-
tions and pressures specific to this age that may dis-
place time available for MVPA (e.g., dating or getting
a driver’s license) [34]. Further, there is evidence that
young people experience a decrease in nonorganized
sports participation as they progress through the
transition from childhood to adolescence and beyond
[35].
As reported elsewhere [29], researchers have mostly
examined age-related changes in MVPA. Our analyses
also showed age-related cross-sectional inverse associ-
ations with LIPA:SB and TPA:SB, suggesting that age-
related decreases in MVPA may also be accompanied
Table 5 Single behavior, partition, and isotemporal substitution models for markers of adiposity among children (6–11 years)
Regression Coefficient (95 % CI)a
Model SB LIPA MVPA
BMI
Single Behavior (models 1–3) 0.51 (0.23–0.78) −0.30 (−0.66–0.04) −1.24 (−1.66– −0.82)
Partition (model 4) 0.15 (−0.06–0.37) −0.02 (−0.38–0.32) −1.04 (−1.52– −0.56)
Isotemporal substitution
Replace SB (model 5) Dropped −0.18 (−0.53–0.16) −1.20 (−1.60– −0.79)
Replace LIPA (model 6) 0.18 (−0.16–0.53) Dropped −1.01 (−1.57– −0.45)
Replace MVPA (model 7) 1.20 (0.79–1.60) 1.01 (0.45–1.57) Dropped
BMI Percentile
Single Behavior (models 1–3) 2.22 (−0.43–4.88) −0.56 (−3.54–2.40) −7.29 (−11.96– −2.62)
Partition (model 4) 0.48 (−1.37–2.34) 0.66 (−1.93–3.25) −6.84 (−11.56– −2.12)
Isotemporal substitution
Replace SB (model 5) Dropped 0.17 (−2.60–2.95) −7.33 (−11.88– −2.78)
Replace LIPA (model 6) −0.17 (−2.95–2.60) Dropped −7.50 (−12.53– −2.47)
Replace MVPA (model 7) 7.33 (2.78–11.88) 7.50 (2.47–12.53) Dropped
Waist Circumference
Single Behavior (models 1–3) 1.59 (0.83–2.36) −0.94 (−1.89–0.01) −3.95 (−5.26– −2.64)
Partition (model 4) 0.27 (−0.31–0.87) −0.27 (−1.17–0.62) −3.53 (−5.05– −2.01)
Isotemporal substitution
Replace SB (model 5) Dropped −0.55 (−1.50–0.38) −3.81 (−5.09– −2.54)
Replace LIPA (model 6) 0.55 (−0.38–1.50) Dropped −3.25 (−4.91– −1.59)
Replace MVPA (model 7) 3.81 (2.54–5.09) 3.25 (1.59–4.91) Dropped
Tricep Skinfold
Single Behavior (models 1–3) 0.90 (0.39–1.41) −0.40 (−1.01–0.20) −2.57 (−3.37– −1.78)
Partition (model 4) 0.13 (−0.18–0.44) −0.006 (−0.47–0.45) −2.41 (−3.17– −1.64)
Isotemporal substitution
Replace SB (model 5) Dropped −0.13 (−0.70–0.43) −2.54 (−3.30– −1.78)
Replace LIPA (model 6) 0.13 (−0.43–0.70) Dropped −2.40 (−3.31– −1.49)
Replace MVPA (model 7) 2.54 (1.78–3.30) 2.40 (1.49–3.31) Dropped
Subscapularis Skinfold
Single Behavior (models 1–3) 0.77 (0.32–1.22) −0.52 (−0.99– −0.05) −1.74 (−2.52– −0.97)
Partition (model 4) 0.17 (−0.09–0.43) −0.18 (−0.54–0.16) −1.48 (−2.22– −0.75)
Isotemporal substitution
Replace SB (model 5) Dropped −0.36 (−0.80–0.08) −1.66 (−2.37– −0.95)
Replace LIPA (model 6) 0.36 (−0.08–0.80) Dropped −1.30 (−1.97– −0.63)
Replace MVPA (model 7) 1.66 (0.95–2.37) 1.30 (0.63–1.97) Dropped
Android Body Fat Percent
Single Behavior (models 1–3) 2.06 (1.14–2.98) −1.20 (−2.41– −0.002) −6.75 (−8.71– −4.79)
Partition (model 4) 0.17 (−0.38–0.73) −0.10 (−1.23–1.01) −6.44 (−8.84– −4.05)
Isotemporal substitution
Replace SB (model 5) Dropped −0.28 (−1.59–1.02) −6.62 (−8.80– −4.45)
Replace LIPA (model 6) 0.28 (−1.02–1.59) Dropped −6.34 (−9.40– −3.27)
Replace MVPA (model 7) 6.62 (4.45–8.80) 6.34 (3.27–9.40) Dropped
Gynoid Body Fat Percent
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Table 5 Single behavior, partition, and isotemporal substitution models for markers of adiposity among children (6–11 years)
(Continued)
Single Behavior (models 1–3) 1.29 (0.66–1.92) −0.69 (−1.46–0.07) −4.44 (−5.70– −3.18)
Partition (model 4) 0.08 (−0.28–0.46) 0.01 (−0.69–0.71) −4.31 (−5.77– −2.86)
Isotemporal substitution
Replace SB (model 5) Dropped −0.07 (−0.87–0.71) −4.40 (−5.74– −3.07)
Replace LIPA (model 6) 0.07 (−0.71–0.87) Dropped −4.32 (−6.11– −2.54)
Replace MVPA (model 7) 4.40 (3.07–5.74) 4.32 (2.54–6.11) Dropped
Total Body Fat Percent b
Single Behavior (models 1–3) 1.47 (0.52) −0.88 (0.57) −2.85 (0.75)
Partition (model 4) 0.18 (0.42) −0.08 (0.56) −4.42 (0.8)
Isotemporal substitution
Replace SB (model 5) Dropped −0.27 (0.58) −4.62 (0.77)
Replace LIPA (model 6) 0.27 (0.58) Dropped −4.34 (0.89)
Replace MVPA (model 7) 4.62 (0.77) 4.34 (0.89) Dropped
aPrior to the regression models, all physical activity variables were divided by a constant of 60 so that a unit increase in the behavior represented an increase of
60 min/day within the given behavior
bFor body fat percent, the regression coefficient is the mean of the 5 multiple imputated regression coefficients. The variance estimates are standard errors, which
is reported as the square root of the total variance estimate ([within-imputation variance] + (6/5)*[between-imputation variance]). See statistical analysis section for
more details
Bold indicates Bonferroni-corrected statistical significance (p < 0.006)
SB sedentary behavior, LIPA light-intensity physical activity, MVPA moderate-to-vigorous physical activity, BMI body mass index
Covariates for models included age, gender, race-ethnicity, cotinine, poverty-to-income ratio, accelerometer wear time, and energy intake. Note, accelerometer
wear time was not included in the partition or istemporal models (models 4–7) because accelerometer wear time is equal to the sum of each of the intensity categories
For model 1, SB and covariates were entered into the model
For model 2, LIPA and covariates were entered into the model
For model 3, MVPA and covariates were entered into the model
For model 4, SB, LIPA, MVPA and covariates were entered into the model to examine the unique effects of each intensity on the biomarker
For models 5–7, a total activity time (TAT) variable (SB + LIPA +MVPA) was entered into the models
For model 5, TAT, LIPA, MVPA and covariates were entered into the model (SB dropped)
For model 6, TAT, SB, MVPA and covariates were entered into the model (LIPA dropped)
For model 7, TAT, SB, LIPA and covariates were entered into the model (MVPA dropped)
Models 5–7 were used to estimate the substitution effect of replacing one behavior for another behavior. The behavior of interest is dropped from the model,
which depicts the effect of replacing one behavior for another behavior
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tion by the four general movement patterns also support
these findings. If a compensatory increase in LIPA was tied
to a decrease in MVPA, then we would observe a higher
proportion of children and adolescents engaging in rela-
tively more LIPA than SB if they did not meet the MVPA
guideline. This compensatory effect is plausible as it may
act as a mechanism to homeostatically control total daily
energy expenditure. However, our analyses did not support
this as only a few children (10 %) and adolescents (17 %)
engaged in more LIPA than SB when they did not also
meet the MVPA guideline; the opposite finding was more
likely the case. Overall, these findings, along with others
[29], suggest that promoting both MVPA and LIPA may be
important in achieving and maintaining energy balance and
optimal BF% as children age and develop.Movement patterns and markers of adiposity
Children demonstrated an association between move-
ment pattern 1 and a lower total BF% estimate when
compared to children classified into any of the othermovement patterns. Results were also similar for an-
droid BF% and gynoid BF%, which is an important
finding as android BF% and gynoid BF% are predict-
ive of worse health outcomes (e.g., insulin resistance)
in youth [36]. U.S. children in movement pattern 1
had approximately 5 % lower total BF% than those in
movement pattern 4. Also, those in movement pat-
tern 1 had approximately 2 % lower total BF% than
those in movement pattern 2. Further, children
whose TPA exceeded their SB had approximately 3 %
lower total BF% estimate.
These findings are shaped by the fact that children
in movement pattern 1 were also younger than their
counterparts in the other movement patterns. Given
the clear age associations with all types of physical
activity behaviors noted above, coupled with the fact
that certain markers of adiposity (e.g., abdominal cir-
cumference) increase as children age [37], strategies
to maintain MVPA, LIPA, or TPA (ie., any type of
movement behavior as opposed to SB) or attenuate
the decline in these behaviors as children age, is
pivotal.
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as children, compared to adolescents, naturally engage in
more breaks from SB [38], which would logically promote
TPA. Consequently, for adolescents, specific strategies to
reduce SB and increase TPA, or replace SB with TPA, are
needed. One such strategy for adolescents may be to make
modifications to school-based activities (e.g., integrating
movement into curriculum) as adolescents tend to engage
in longer SB bouts during school when compared to non-
school hours [39].
Independent MVPA association and isotemporal
substitution paradigm
Not surprisingly, there appears to be an additive effect
of LIPA and MVPA associated with lower marker levels
of adiposity among children (i.e., movement pattern 1
had the lowest BF% estimate). This supports the conten-
tion that both contribute to overall energy balance. In
addition, there was evidence of an independent association
of MVPA with markers of adiposity among children,
which is consistent with other studies among children [7].
Our findings do not, however, demonstrate independent
associations of LIPA or SB with markers of adiposity,
which is consistent with the findings of a recent review
[40] concluding that, among children and adolescents, the
association between SB and health is attenuated after con-
trolling for MVPA. Similarly, some [6], but not all [2]
studies in this population have shown that the association
between LIPA and adiposity and other health markers is
attenuated after controlling for MVPA. Taken together,
these cross-sectional findings suggest that LIPA alone may
not be sufficient to improve health outcomes in children,
but when coupled with sufficient MVPA, reductions in
adiposity among children may occur.
Lastly, the isotemporal substitution model revealed that
replacing 60 min/day of SB with MVPA is associated with
a 4.6 % decreased total BF% estimate. These findings are
congruent with the emerging work in the adult population
showing that replacing LIPA with MVPA is associated
with improved cardiovascular disease risk profile [13], and
replacing MVPA with LIPA results in worse outcomes
(e.g., increased weight gain) [12]. As a result, efforts
among children are needed to help replace at least some
SB with MVPA. Since television watching is a primary
source of children’s leisure time sedentary behavior [41],
one potential strategy may be to purchase devices that link
the television’s power supply to children’s physical activity
engagement [42]. Another potential strategy to accomplish
this is to integrate high-intensity fitness bouts during chil-
dren’s school-based recess [43]. For example, school-based
fitness bout interventions have consisted of a 15-min bout
of high-intensity physical activity where children engaged
in a 400-m obstacle course that contained MVPA activities
such as running and crawling.Strengths and limitations
Strengths of this study include using various traditional
and novel analytical techniques to consider the combined
and separate associations between SB, LIPA and MVPA
with several markers of adiposity. Other strengths include
using an objective measure of android, gynoid, and total
BF%, assessing accelerometer-measured SB, LIPA, and
MVPA, and employing a large U.S.-representative sample
of children and adolescents. Despite these strengths, this
study is not without limitations. For example, the cross-
sectional design renders temporality, and thus causal con-
clusions, impossible. Another limitation is the inability to
control for sleep (only NHANES participants ≥ 16 years
were eligible for the sleep questionnaire), as sleep has been
shown to associate with markers of adiposity among ado-
lescents [44]. Sleeping patterns may also influence move-
ment patterns [45]. Therefore, future research on this
topic should statistically control for sleep. When feasible,
studies should examine the potential effect that sleeping
patterns may have on the relationship between movement
patterns and adiposity. Lastly, the average accelerometer
wear time in the present study for children and adoles-
cents was approximately 14 h, suggesting that participants
slept for 10 h, which is consistent with sleep duration esti-
mates for children [46]. However, average sleep duration
for adolescents appears to be around 8 h/night [47].
Therefore, future research, particularly among adolescents,
should identify effective strategies to promote wearing the
accelerometer during all waking hours. Alternatively, hav-
ing participants wear the accelerometer for the entire 24-h
day may help avoid monitoring non-compliance and its as-
sociated biases [48].
Further direction for future research
The drastic differences in movement patterns and MVPA
between U.S. children and adolescents raises the question
of whether MVPA guidelines for adolescents should be re-
fined to account for the developmental changes that occur
during the transition from childhood to adolesecence.
Currently, the MVPA guideline of 60 min/day is identical
for children and adolescents [25], despite the noted devel-
opmental differences (e.g., puberty-induced anxiety and
self-conscious [49], and age-induced reduction of neuro-
transmitters [30, 31]) between children and adolescents
that may influence this age-related decline in MVPA. Fur-
ther, others have critically evaluated the scientific evidence
on which these guidelines are based and concluded that
the evidence is weak [50] and requires rethinking of
current recommendations [51]. Although recent compre-
hensive reviews [52] have supported the 60 min/day rec-
ommendation for adolescents after examining 850 studies,
most of the intervention studies that informed this recom-
mendation did not examine the efficacy of 60 min/day of
MVPA, but rather demonstrated beneficial effects of 30–
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critical thought is needed, but a sensible MVPA threshold
to further consider for improving markers of health, in-
cluding adiposity, may be 60, 45, and 30 min/day, respect-
ively, for children, adolescents, and adults. Lastly, before
such recommendations are developed, future research
examining the longitudinal validity of the accelerometer-
derived, age-specific activity count cut-points is needed.
The age-specific activity count cut-points were derived
from cross-sectional analyses, and to be fully certain of an
age-related decline in accelerometer-determined physical
activity, longitudinal validity of these activity count cut-
points against some unit of energy expenditure (e.g., indir-
ect calorimetry) is urgently needed.
With regard to the isotemporal substitution analysis,
we demonstrated that substituting 60 min/day of SB
with MVPA was associated with approximately 5 % re-
duced BF% estimate among children. Longitudinal data
is needed to confirm these analyses, but this sheds some
light on the important public health question of how
children should spend some of their time for weight
control purposes. However, for children and adolescents
who have a differential preference with respect to phys-
ical activity intensity, it would be useful to determine if
LIPA has a similar effect on BF% when compared to an
equal amount of calories expended for MVPA. It may be
assumed that if caloric intake is unchanged and the caloric
expenditure for the two behaviors (LIPA and MVPA) are
equal, this will have an identical effect on BF% change.
However, this may not be the case as, for example, phys-
ical activity intensity may have a differential effect on post-
exercise oxygen consumption [53], ultimately influencing
total daily energy expenditure. Therefore, future longitu-
dinal research should consider estimating the isocaloric
substitution effect of energy expenditure on one behavior
for energy spent on another behavior while ensuring cal-
oric intake is unchanged. Such an isocaloric expenditure
analysis may help individuals choose an appropriate phys-
ical activity intensity level based on their physical activity
intensity preference.
In conclusion, this secondary data analysis of children’s
and adolescents’ data showed a clear inverse relationship
between age and movement patterns, with increased age
associated with lower ratios of MVPA:SB, LIPA:SB and
TPA:SB. Further, a large proportion of U.S. children
(48 %) and U.S. adolescents (95 %) did not engage in ≥
60 min/day of MVPA and accumulated relatively less
LIPA than SB, with prevalence estimates similar across
genders. The low proportion of children engaging in ≥
60 min/day of MVPA and accumulating relatively more
LIPA than SB had the lowest android BF%, gynoid BF%,
and total BF%. Similarly, children whose daily TPA
exceeded their SB had a lower android BF% (Δ 4 %),
gynoid BF% (Δ 3 %), and total BF% estimate (Δ 3 %).Further, substituting 60 min/day of SB with MVPA was
associated with a reduced android BF% (Δ 6 %), gynoid
BF% (Δ 4 %) and total BF% estimate (Δ 5 %). Notably,
these findings are likely driven by the participant’s age,
as children in movement pattern 1 and children whose
TPA exceeded their SB were the youngest. Future longi-
tudinal and experimental research is needed to better
tease out whether the association between movement
patterns and adiposity is driven by a physical activity
change or an age/developmental change.
Taken together, these findings coupled with the fact that
certain markers of adiposity (e.g., abdominal circumfer-
ence) increase as children age [37], underscore the im-
portance of maintaining MVPA, LIPA, or TPA or
attenuate the decline in these behaviors as children age.
Lastly, given that MVPA was the only independent pre-
dictor in our cross-sectional partition model, future longi-
tudinal research should examine whether LIPA alone is
insufficient in reducing adiposity, but when coupled with
sufficient MVPA, results in reductions in adiposity among
children.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
PL was involved in the conception of the study, acquisition of the data, analysis
and interpretation of the data, and drafting and revising the manuscript. BC was
involved in the interpretation of the data and revising the manuscript. HL was
involved in the interpretation of the data, revising the manuscript, and
acquisition of the data. CTL was involved in the interpretation of the data,
and drafting and revising the manuscript. All authors read and approved
the manuscript and agree to be accountable for all aspects of the work.
Author details
1Department of Health, Exercise Science, and Recreation Management,
Center for Health Behavior Research, School of Applied Sciences, The
University of Mississippi, 215 Turner Center, University, MS, USA. 2Program in
Exercise and Sport Science, School of Biological and Population Health
Sciences, College of Public Health and Human Sciences, Oregon State
University, Corvallis, OR, USA. 3Department of Sport and Health Sciences,
Sangmyung University, Seoul, South Korea. 4Walking Behavior Laboratory,
Population and Public Health Sciences, Pennington Biomedical Research
Center, Baton Rouge, LA, USA.
Received: 4 September 2014 Accepted: 17 May 2015
References
1. Jimenez-Pavon D, Kelly J, Reilly JJ. Associations between objectively measured
habitual physical activity and adiposity in children and adolescents: Systematic
review. Int J Pediatr Obes. 2010;5:3–18.
2. Kwon S, Janz KF, Burns TL, Levy SM. Association between light-intensity
physical activity and adiposity in childhood. Pediatr Exerc Sci. 2011;23:218–29.
3. Carson V, Ridgers ND, Howard BJ, Winkler EA, Healy GN, Owen N, et al.
Light-intensity physical activity and cardiometabolic biomarkers in US
adolescents. PLoS One. 2013;8:e71417.
4. Basterfield L, Pearce MS, Adamson AJ, Frary JK, Parkinson KN, Wright CM,
et al. Physical activity, sedentary behavior, and adiposity in English children.
Am J Prev Med. 2012;42:445–51.
5. Fulton JE, Dai S, Steffen LM, Grunbaum JA, Shah SM, Labarthe DR. Physical
activity, energy intake, sedentary behavior, and adiposity in youth. Am J
Prev Med. 2009;37:S40–9.
Loprinzi et al. Journal of Diabetes & Metabolic Disorders  (2015) 14:46 Page 14 of 146. Hay J, Maximova K, Durksen A, Carson V, Rinaldi RL, Torrance B, et al.
Physical activity intensity and cardiometabolic risk in youth. Arch Pediatr
Adolesc Med. 2012;166:1022–9.
7. Steele RM, van Sluijs EM, Cassidy A, Griffin SJ, Ekelund U. Targeting
sedentary time or moderate- and vigorous-intensity activity: independent
relations with adiposity in a population-based sample of 10-y-old British
children. Am J Clin Nutr. 2009;90:1185–92.
8. Loprinzi PD, Lee H, Cardinal BJ. Daily movement patterns and
biological markers among adults in the United States. Prev Med.
2013;60:128–30.
9. Spittaels H, Van Cauwenberghe E, Verbestel V, De Meester F, Van Dyck D,
Verloigne M, et al. Objectively measured sedentary time and physical
activity time across the lifespan: a cross-sectional study in four age groups.
Int J Behav Nutr Phys Act. 2012;9:149.
10. Buman MP, Hekler EB, Haskell WL, Pruitt L, Conway TL, Cain KL, et al.
Objective light-intensity physical activity associations with rated health in
older adults. Am J Epidemiol. 2010;172:1155–65.
11. Mekary RA, Lucas M, Pan A, Okereke OI, Willett WC, Hu FB, et al. Isotemporal
substitution analysis for physical activity, television watching, and risk of
depression. Am J Epidemiol. 2013;178:474–83.
12. Mekary RA, Willett WC, Hu FB, Ding EL. Isotemporal substitution paradigm
for physical activity epidemiology and weight change. Am J Epidemiol.
2009;170:519–27.
13. Buman MP, Winkler EA, Kurka JM, Hekler EB, Baldwin CM, Owen N, et al.
Reallocating time to sleep, sedentary behaviors, or active behaviors:
associations with cardiovascular disease risk biomarkers, NHANES
2005–2006. Am J Epidemiol. 2013;179(3):323–34.
14. US Census Bureau. Current population survey—definitions and explanations.
Vol. 2010, n.d. [cited 2010 July 5]; Available from: http://www.census.gov/
population/www/cps/cpsdef.html.
15. Lee H, Cardinal BJ, Loprinzi PD. Effects of socioeconomic status and
acculturation on accelerometer-measured moderate-to-vigorous physical
activity among Mexican American adolescents: findings from NHANES
2003–2004. J Phys Act Health. 2012;9:1155–62.
16. Ogden CL, Kuczmarski RJ, Flegal KM, Mei Z, Guo S, Wei R, et al. Centers for
disease control and prevention 2000 growth charts for the United States:
improvements to the 1977 National Center for Health Statistics version.
Pediatrics. 1977;2002(109):45–60.
17. Chen KY, Bassett Jr DR. The technology of accelerometry-based activity
monitors: current and future. Med Sci Sports Exerc. 2005;37:S490–500.
18. Tudor-Locke C, Brashear MM, Johnson WD, Katzmarzyk PT.
Accelerometer profiles of physical activity and inactivity in normal
weight, overweight, and obese U.S. men and women. Int J Behav Nutr
Phys Act. 2010;7:60.
19. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical
activity in the United States measured by accelerometer. Med Sci Sports
Exerc. 2008;40:181–8.
20. Freedson PS, Melanson E, Sirard J. Calibration of the computer science and
applications, Inc. accelerometer. Med Sci Sports Exerc. 1998;30:777–81.
21. Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG. Calibration of two
objective measures of physical activity for children. J Sports Sci.
2008;26:1557–65.
22. Trost SG, Loprinzi PD, Moore R, Pfeiffer KA. Comparison of accelerometer
cut points for predicting activity intensity in youth. Med Sci Sports Exerc.
2011;43:1360–8.
23. Matthews CE, Chen KY, Freedson PS, Buchowski MS, Beech BM, Pate RR,
et al. Amount of time spent in sedentary behaviors in the United States,
2003–2004. Am J Epidemiol. 2008;167:875–81.
24. Hamilton MT, Healy GN, Dunstan DW, Zderic TW, Owen N. Too Little
Exercise and Too Much Sitting: Inactivity Physiology and the Need for New
Recommendations on Sedentary Behavior. Curr Cardiovasc Risk Rep.
2008;2:292–8.
25. Lipnowski S, Leblanc CM. Healthy active living: Physical activity guidelines
for children and adolescents. Paediatr Child Health. 2012;17:209–12.
26. Nutrition Examination Survey. Technical documentation for the Dual Energy
X-Ray Absorptiometry (DXA) Multiple Imputation Data Files. Hyattsville, MD:
National Center for Health Statistics; 2008. (http://www.cdc.gov/nchs/data/
nhanes/dxa/dxa_techdoc.pdf).
27. Flegal KM, Shepherd JA, Looker AC, Graubard BI, Borrud LG, Ogden CL, et al.
Comparisons of percentage body fat, body mass index, waist circumference,
and waist-stature ratio in adults. Am J Clin Nutr. 2009;89:500–8.28. Sun Q, van Dam RM, Spiegelman D, Heymsfield SB, Willett WC, Hu FB.
Comparison of dual-energy x-ray absorptiometric and anthropometric
measures of adiposity in relation to adiposity-related biologic factors. Am J
Epidemiol. 2010;172:1442–54.
29. Sallis JF. Age-related decline in physical activity: a synthesis of human and
animal studies. Med Sci Sports Exerc. 2000;32:1598–600.
30. Ingram DK. Age-related decline in physical activity: generalization to nonhumans.
Med Sci Sports Exerc. 2000;32:1623–9.
31. Loprinzi PD, Herod SM, Cardinal BJ, Noakes TD. Physical activity and the
brain: a review of this dynamic, bi-directional relationship. Brain Res.
2013;1539:95–104.
32. Craggs C, Corder K, van Sluijs EM, Griffin SJ. Determinants of change in
physical activity in children and adolescents: a systematic review. Am J Prev
Med. 2011;40:645–58.
33. Finne E, Bucksch J, Lampert T, Kolip P. Age, puberty, body dissatisfaction, and
physical activity decline in adolescents. Results of the German Health Interview
and Examination Survey (KiGGS). Int J Behav Nutr Phys Act. 2011;8:119.
34. Allison KR, Adlaf EM, Dwyer JJ, Lysy DC, Irving HM. The decline in physical
activity among adolescent students: a cross-national comparison. Can J
Public Health. 2007;98:97–100.
35. van Mechelen W, Twisk JW, Post GB, Snel J, Kemper HC. Physical activity of
young people: the Amsterdam longitudinal growth and health study. Med
Sci Sports Exerc. 2000;32:1610–6.
36. Aucouturier J, Meyer M, Thivel D, Taillardat M, Duche P. Effect of android to
gynoid fat ratio on insulin resistance in obese youth. Arch Pediatr Adolesc
Med. 2009;163:826–31.
37. Dai S, Labarthe DR, Grunbaum JA, Harrist RB, Mueller WH. Longitudinal
analysis of changes in indices of obesity from age 8 years to age 18 years.
Project HeartBeat! Am J Epidemiol. 2002;156:720–9.
38. Kwon S, Burns TL, Levy SM, Janz KF. Breaks in sedentary time during
childhood and adolescence: Iowa bone development study. Med Sci Sports
Exerc. 2012;44:1075–80.
39. Harrington DM, Dowd KP, Bourke AK, Donnelly AE. Cross-sectional analysis
of levels and patterns of objectively measured sedentary time in adolescent
females. Int J Behav Nutr Phys Act. 2011;8:120.
40. Ekelund U. Reducing sedentary time or increasing moderate and vigorous
intensity physical activity in youth? Associations with health outcomes. Res
Exerc Epidemiol. 2013;15:1–6.
41. Tremblay MS, LeBlanc AG, Kho ME, Saunders TJ, Larouche R, Colley RC, et al.
Systematic review of sedentary behaviour and health indicators in school-
aged children and youth. Int J Behav Nutr Phys Act. 2011;8:98.
42. Saelens BE, Epstein LH. Behavioral engineering of activity choice in obese
children. Int J Obes Relat Metab Disord. 1998;22:275–7.
43. Scruggs PW, Beveridge SK, Watson DL. Increasing children’s school time
physical activity using structured fitness breaks. Ped Exerc Sci. 2003;15:156–69.
44. Loprinzi PD, Stigler LC, Hager KK. Associations between anthropometric and
sleep parameters among adolescents: considerations by gender. J Behav
Health. 2013;2:236–42.
45. Loprinzi PD, Finn KE, Harrington SA, Lee H, Beets MW, Cardinal BJ.
Association between physical activity behavior and sleep-related parameters
of adolescents. J Behav Health. 2012;1:286–93.
46. Liu X, Liu L, Owens JA, Kaplan DL. Sleep patterns and sleep problems
among schoolchildren in the United States and China. Pediatrics.
2005;115:241–9.
47. Iglowstein I, Jenni OG, Molinari L, Largo RH. Sleep duration from infancy to
adolescence: reference values and generational trends. Pediatrics. 2003;111:302–7.
48. Loprinzi PD, Smit E, Cardinal BJ, Crespo C, Brodowicz G, Andersen R. Valid
and invalid accelerometry data among children and adolescents:
comparison across demographic, behavioral, and biological variables. Am J
Health Promot. 2014;28:155–8.
49. Sisk CL, Zehr JL. Pubertal hormones organize the adolescent brain and
behavior. Front Neuroendocrinol. 2005;26:163–74.
50. Twisk JW. Physical activity guidelines for children and adolescents: a critical
review. Sports Med. 2001;31:617–27.
51. Hallal PC, Victora CG, Azevedo MR, Wells JC. Adolescent physical activity and
health: a systematic review. Sports Med. 2006;36:1019–30.
52. Strong WB, Malina RM, Blimkie CJ, Daniels SR, Dishman RK, Gutin B, et al.
Evidence based physical activity for school-age youth. J Pediatr.
2005;146:732–7.
53. Borsheim E, Bahr R. Effect of exercise intensity, duration and mode on post-
exercise oxygen consumption. Sports Med. 2003;33:1037–60.
